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INTRODUCTION 


This paper is one of a series being pudlished by the Bureau of Mines 
on mining methods and costs. It describes briefly the manner in which slusher 
aaa and scrapers are used in connection with Fig eathanhpenage bora at the 
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north, Paved U. Ss. "Hi ehway 50 from Salt Lake ae. Utah, to Rene. a 
passes through Ely, The altitude at the collar of the Enma Nevada shaft is 
(117. feet. ‘The surrounding hills are covered : with a sparse, growth of juniper, 


pinon, and mountain mano gany 


ALL nine’ timber and i aiiadiabaih ceuiminat in from a distance. 
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The principal ore body of the Consolidated Coppermines Corporation, which 
is serviced dy the Emma Nevada shaft, is a gently undulating, south-dipping 
Dlanket of monzonite porphyry with a mineralized thickness of 60 to 400 feet: 
the average is about 175 feet. The overlying waste material is 200 to 500 
feet thick, The ore body proper is about 3,500 feet long in an easterly and 
westerly direction and attains a maxim width of 1,200 feet. ‘The copper 
mineral is chalcopyrite, ‘which is distributed evenly through the mineralized 
area, The ore dody is thoroughly fractured and altered and remarkaodly soft, 
wnich permits mining by a modified block-caving method. Virtually all the 
mineralized porphyry is underlain by a yom monzonite porphyry locally 
xNown as peanut porphyry, which in turn rests on a basement of sediments, _ 
either limestone or shale, The youmger vorphyry is fractured and altered less 
and generally stands better than the upper mineralized porphyry, although | 
mine openings require heavy timbering in both cases, The waste material over- 
lying the ore body is unmineralized porpnayry, sedimentary pendants, and very 
irregular bodies of post-mineral rhyolite, which often intrude and may under- 
lie or overlie the ore, The northern limit of the ore body as explored to | 
date is formed by a zone in which diminution of conper values in the porphyry 
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Figure 2.—Procedure in high-lying ore bodies. 
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renders further mining uncconomical, ‘The ore terminates to the south against 
the intrusive rhyolites. Shaft sinking began in the fall of 1926, when 
existence of approximately 7,000,000 tons of ore was ea tootnenet. Figure 1. 
is a generalized section through the ore docye 


METHODS OF EXPLORATION 


Most of the ore body was explored dv churn-drill holes from the surface 
with samples taken at 5-foot intervals. The churn-drill holes usually were 
avout 200 feet apart, although the spacing of holes was governed partly oy 
geologic study and partly by surface topvography. Exploration by churn drills 
nas been augmented to some degree by prospect headings from underground work- 
ings, short drifter drill holes, and diamond drilling. These latter methods 
have been used only to prospect fringe areas and to establish the location of 
irregular portions of the ore body. 


After the churn—drill holes were completed and the top and bottom limits 
of the ore became known, contour maps of tre ore body were prepared showing 
tne conformation of the top and bottom.of the ore, The mining layout is 
based unon study of the contour ‘maps ae the sections built up from then, 


The Emma Nevada snaft is in tne footwall of the ore body at a sufficient 
distance therefrom to insure against caving of the shaft and plant structures 
as mining progresses, Tne haulage level was driven at an elevation that 
averaged about 60 feet beneath the bottom of the ore body, Early mining 
followed tre conventional dlock-caving metnod, using branch raises, which 
continues to be emnloyed where narticularly anolicable. The ore vody is 
mined in one lift, and the 60-foot interval left between the haulage level 
and dottom of tne ore was established as tne .most economical distance for 
development purnoses, <A greater distance to the ore from the haulage level 
would mean less drifting out more raisinz; on the other hand, if a smaller 
distance were chosen, less raising and a greater footage of haulage drifts 
would be required, Although the ideal distance from ore to haulage drift is 
SO feet, the bottom of the ore body wndulates and often is stev-faulted, 
causins this interval to range from zero, wnere the body dipped down to the 
level, to a maximum height of about 130 fect avove the level. Such extreme 
variations; however, were rare and linitcd to relatively small areas, 


Me spacing of main haulsge drifts and design of the branch raises were 
governed largely br tne elevation of the bottom of the ore body. Figure 2 
sows. the tne of raise used for high-lying ore dodies, When this metnod of 
raise development is used haulage drifts are extended on 120-foot centers and 
the raises are at 60-foot intervals along the drifts, This raise-development 
metnod follows closely conventional bdlock-caving practices with the draw 
fingers spaced at 15—foot centers in both directions, 


Figure 3 illustrates the metnod of developing the lower-—lying oree, The 
drift spacing is reduced from 120 to 00 feet, and the raises in the drifts 
are at 30-foot intervals, but the 15-foot finger spacing is maintained, Drifts 
were never spaced closer than 60 feet: therefore, where the ore-bdody bottom 
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approached the havlase level the brancn raises pierced the ore, resulting — 
in @ part of the ore bocy bveing left below the undercut horizon. This ore, 
which was reclaimed later ranged in thickness wo to a maximun of 60 feet 
from the haulage level to the undereut horizon. Scrapers and slusher hoists 
were first used in salvaging these wnmined portions of the ore body, which, 
wien broken, would not flow by gravity to tne naulage drifts. 


EVOLUTION OF SLUSHER-DRIPT METHODS 


Figure 4 illustrates the method emplozed at the Emma Nevada mine to 
reclaim ore below the undercut level. Pony sets were installed over the 
main drift cans at 30-foot intervals along tre drifts. Crosscuts, now knowm 
as slusner drifts, were then driven from these pony sets just beneath the 
oree Where the ore cody was 15 or 20 feet avove the haulage level, short 
raises were run from tie pony sets to the ore and tre slusher drifts driven 
at that horizon. The slusher crifts were timbered with 12- ty le-inch drift 
sets on 5-foot centers, Short, cribdbec fingers were installed at every 
third drift set, thus maintaining a 15-foot finger spacing. The tops of these 
fingers were connected by undercutting. Where slusher drifts were driven 
from tne pony sets at the same elevation, the ore was dravm through the 
fingers into the drifts and scraped directly into ore cars. Where a short 
raise extended from the pony set to tne slusher drift, the ore was dragged 
into the raise: a chute with an are gate was provided for loading the cars. 
The length of a slusher drift was limited to 60 feet, as the main haulage 
laterals had been driven on that svacing. As oortions of the ore body left 
below the branch-raise undercut horizon vere mined successfully by this method, 
it therefore seemed logical, when the bottom of the ore body was close to the 
level, to dispense with the branch raises and attenpt to mine the entire 
thickness through slusher drifts. Suck a procedure in virgin areas would 
save the cost of the branch raises.and one widercutting operation. 


In the latter nart of 1937 it was decided to develop a trial block for 
slusner mining. An area was chosen wnere the dottom of the ore body was 15 
or 20 feet above the haulage level. The block developed lay between two 
haulage drifts 160 feet apart; slusher drifts were driven on 30-foot centers 
at the bottom of the ore between these drifts, (Sce fig. 4.) Slusher hoists 
were installed at each end of the drifts, giving a slushing distance of 90 
fect. Many difficulties were experienced in mining this trial block. The 
block was mined successfully, however, at a cost comparing favorably with the 
old practice, and a remarkably good recovery of ore was made, The possibdility 
of applying this method of mining to other areas was next considered. A sec~ 
tion along tne north fringe of the ore body had been mined by using branch 
raises early in the life of the mines the situation shown by figure 5 was 
left. This portion of the ore vody had decreased in thickness and copper 
tenor tc such an extent that the cost of mining through raises from the main 
level was prohibitive. A method of development was devised that utilized 
the raises that had already mined the overlying ore and that had since been 
abandoned, Slusner drifts were driven nortnerly at 30-foot intervals from 
the abandoned raises, as shown on figure 5. As tie drifts advanced and 
fingers were installed, an occasional prosvect raise was extended from the 
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Figure 5.— Slusher mining of ore-body fringes. 
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fingers through the ore. If enough ore was shown to justify development and 
mining the drift was advanced. By this method the ore body was explorod 
and developed in one step, This application of slusher mining has since 
deen extremely useful in fringe areas, as the maximum amount of ore is re~ 
covered and the necessity of expensive churn drilling or other preliminary 
exnloration js eliminated, 


Continued exploration by churn drilling had disclosed that, in addition 
to the 7,000,000 tons recognized when the shaft was sunk and the haulage 
level established, there was a large tonnage of ore to the wests This west- 
ward extension of the ore body lies at a higher horizon than the main portion 
of the body and often ts 200 feet above the established haulage level. These 
higher ore bodies were expensive to develop from the haulage level by the 
conventional branch raise methods. A comparison between the costs attained 
by slusher drifts in the fringes and low-lying areas and the branch-raise 
nethod indicated that the slusher method might be used to advantage in the 
high-lying ores, Studies indicated that the savings in development oy apply- 
ing slusher practice would more than offset any increase in cost incident to 
mechanical, handling of the ore. 


Two methods, known as standard slushing and sublevel slushing, were 
developed for extracting high-lying ores, Standard slushing as applied to 
the high-lying ores is illustrated by figure 6, Raises from the main haulase- 
way have been placed 240 to 270 feet apart, giving slushing distances of 120 
to 135 feet. This distance has been exceeded in some instances, but present 
practice indicates that 120 to 150 feet is the economic limit of slusning 
_ @istance. The raises brancn to give openings at or near the bottom of tne 
ore on 30-foot centers. The slusner drifts are driven from these raises 
just beneath the ore, and fingers are installed spaced 15 feet. 


Sublevel slushing also has been applied in several areas, and the general 
method is outlined in figure 7. In this method the subslusner drifts are 60 
feet apart. Intermediate raises are run from the subdslusher drifts at 30- 
foot, intervals, and at tne top of these raises a conventional control set is 
-installed with four draw fingers. This method of development, as well as the 
standard method, results in a finger spacing of 15 feet, The main raise 
spacing along the hanlageway may be increased somewhat over the spacing used 
-in the standard slusher method, as the subslusher drifts are longer, are in 
better ground, and usually stand better, requiring less. maintenance, It has 
been found that the slushing distance in the subdrifts can be as great as 
150 feet, since the decreased maintenance work allows more time for actual 
alushine, In certain areas the ore~body bottom may ve step-faulted or steeply 
dipping; in such instances it has been found that tre sudlevel metnod of 
development permits following the actual ore dotiom with more flexiovility 
than does the standard slushing meTors 


Tne mining methods must be varied to suit the particular conditions 
encountered in each block, Slusher mining is the most economical method de- 
vised to exnloit the thin, high-lying ores, wich would require excessive 
raising if develoned for conventional bdlock-caving methods. The cost of 
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mechanically moving the ore must be balanced against savings in development 
costs, but when the ore body is thin these ee mare than offset the cost 
of slushing the ore, : : 

Before a final decision is made on the mining method to be used ina 
dlock, a comparative analytical study is made of available data. Plate-glass 
models showing proposed development layouts, motor haulage drifts, and the 
ore-waste contacts are constructed. These models aid in solving the develop- 
ment problems, which otherwise would be difficult to visualize, In one parti- 
cular block preliminary estimates showed a cost of 26.8 cents per ton for 
development by standard raises, 18.7 cents for development using subslushing 
methods, and 16.2 cents for development by standard slushing methods. This 
vlock was located at a place where the ore~body bottom was 200 feet above the 
level and the ore averaged 125 feet in thickness, When the ore body is 
closer to the level and of greater thickness the development savings are 
smaller, and in some instances conventional block-caving methods are used, 
Thus far conventional block-caving has been applied where the ore oody is 
thick and 60 to 100 feet above the haulage level, At the time of writing 
(November 1939),. the mine is yielding about 70,000 tons per month by standard 
slushing, 80, 000 tons by Sun TSNINE: and 30,000 tons by conventional block- 
caving methods, 


“MEE speniies 


Heulage Level 


As virtually all of the ground in the Emma Nevada mine is extremely soft, 
neavy timbering‘is required to support most mine onenings. Drifts and raises 
are kept as small in cross section as is practical for handling large tonnagese 
Timbering in the main hanlage drift and extraction laterals consists of a cap 
6 feet 6 inches in the clear, which is bridged and spiled in heavy or swelling 
ground: and posts that are-& feet 8 inches long on the dry side and 9 feet 
on the ditch side, The posts generally are set with a batter of 1-3/4 inches 
per linear foot of post, which may be varied as ground conditions changes 
Twelve- by twelve-inch Douglas fir timber is-used for caps and posts and split 
lagging for top and side lacing. | Figure § snows the standard drift set with 
bridge, Figure 9 shows the pony set and chute arrangement. Ten-ton trolley 
locomotives and drop-bottom cars with a 5-1/4-ton pay~load capacity constitute 
the haulage equipment, The track is 75-pound rail and has a gage of 36 inches, 


Raises _ 


All raises are criboed, the timber size being determined by the character 
of ground and the tonnage that is to pass through the raise, Where the ground 
stands fairly well, 4“ by 12-inch cribbing generally is used, although 6- by 
le-inch timbers may be installed where a raise is expected to accommodate a 
large tonnage and consequently will.be subjected to excessive wear. In heavy 
ground, 6~ by 12-inch or: 6 a 8-inch cribbing on. 6-inch spacing blocks is 
commoniy used, 
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Where conventional block~caving is used, the chute compartment is 3 1/2 
oy 3 1/2 feet on the inside; the manway Someartncnte have inside dimensions 
of 2 feet 2 inches by 3 1/2 feet. -In slusher mining a raise must serve about 
eight times the tonnage: handled in conventional cave mining, and for this 
reason the manway and chute compartments are made the same size and are intor- 
changeable, The compartments are 4 feet square inside and lined on all sides 
with 2-inch lagging, Large tonnages pass through the slusher raises daily 
and prolonged delays for repairs would be costly. If the chute compartment 
has to be repaired, the manway can be converted quickly into a chute by 
taking out the ladders and installing a gate in the pony set. The manway 
compartment has ample room to accommodate the ladderway and a slide for 
hoisting timbers and other Seeeeases : 


Although hand~operated arc ate are used in the nenventional mining 
raises, air-lift, down-cut, vertical gates have been installed for the slusher 
raises where much larger daily tonnages must be loaded, The air gates speed 
loading and aoe loading costs materially. One man on an air gate has 
loaded up to 2,000 tons in a single shift. 


Stananca eiusee Drifts 


Figure 10 shows a standardized slusher-drift eee set. The sets are 
placed on 5=foot centers except at the fingers, where a 4-foot interval is 
used, The posts are plumd and are of 12- by l-inch timber 6 feet 2 inches 
long. The drift caps and sills are framed the same and are interchangeable; 
they are of 12- by 14-inch timber and.5 feet inside the frame. An important 
feature of this. set is the 12— vy lb-inch sill, Light sills failed as rapidly 
as tney were put in, and tze posts were driven down and pushed in at the 
oottom, Most failures occurred.in former sets at the junction of the sill 
and post, which is a difficult place to relieve when the muck is pushed in 
between the posts during the slushing operation, The present drift set is 
designed to overcome this particular difficulty. Split lagzing is used for 
tops and sides, 


It is of paramount importance to provide a good drift bottom for slush- 
ing operations, The sill must be strong enougn so that it will not buckle 
and break, The practice of installing three lignt steel rails as a scraping 
surface has proved very BStASTEChORY 


The drift and finger crew consists of three miners, who work on a coopera- 
tive bonus system. Generally, two men work in the face and one man on the 
fingers, The crew usually. advances the face 5 feet per shift, and the man on 
the fingers keeps pace with the drift crew. The miners place all of the 
timbers, including segment sets and a temporary 2-inch floor for scraping, 

The average time required to slush out a drift round is 40 minutes. 


MINING PRACTICES 


Drifts and Hinger Raises 


The peas porphyry immediately neley the ore is quite soft and badly 


fractured, The ore-waste contact is nearly always marked by norizontal 
shearing and a gummy plastic material known locally as chewing—gum gouge, 
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Layers of this gummy material may comprise 2 to 15 feet of the rock immediately 

beneath the ore, and in some cases 10-foot thicknesses of gouge have been 

found. In the first blocs mined by slusher methods, difficulty wes experienced 
in maintaining the slusher drifts, particularly when this gouge was encountered, 
Much thought has been given to choosing the best locations for these drifts. 


The success of slusner mining hinges almost entirely on the design, 
excavation, and maintenance of the slusher drifts and draw fingers. The best 
horizon for the drifts in the Emma Nevada mine is about 10 feet below the 
ore-waste contact. As the bottom contour of the ore undulates, slusher drifts 
are laid out to strike this distance as an average. It has been found neces- 
sary to keep the drifts nearly hcrizontal; the maximum grade used is 4 inches 
per 5-foot set. In grades steeper than this the drift sets ride upgrade and 
are difficult to maintain, Where the ore-oottom contour dips steeply or is 
step~faulted, ideal lay-outs are not possible, The ore may be 25 or 30 feet 
above the drift at one end and may dtp down into the drift at the other end, 
This irregularity is met satisfactorily in the finger detail and salvaging 
operations, Where th2 ore is high above the drift the fingers are extended 
up to the ore contact, The excavated material is handled as waste where the 
drift or fingers are below the ore. The fingers have a minimum length of 10 
feet above the cap, 5 feet of which is timoered. Any cones of ore left ve- 
tween the fingers are recovered as a salvage operation after the fingers have 
been drawn to completion. 


When a raise for standard slushing has been completed and the criboing 
leveled off at a point generally about 18 feet below the ore, a chute and 
manway set are installed on top of the raise. The tugger station next is ex- 
cavated and timbered, and after two or tnres drift sets are placed the tugser 
hoist is set up to scrape the spoil made in drifting into the raise. 


To minimize maintenance it has been found essential in slusher drift and 
finger excavation to keen overbreaking at a minimum, and the development 
crews are penalized if they overbreak where it is avoidable, By careful 
develovment tne pillars between the slusher drifts and the cones between the 
draw points are kept to a maximum size, whicn aids materially in supporting 
the overlying weight and in reducing repair costs. 


The draw fingers are placed on l4-foot centers along the slusher drift 
and constructed of &- by 6-inch cribbing resting on 10- by 10-inch bearers, 
The fingers are 3 by 3 feet inside and installed at a 55° angle from the 
horizontal. Figure 11 shows the finger set. The timbered portion of the 
finger extends 4 feet above the drift sets. If the fingers are in ore, one 
vertical round is taken out above the cribting and is belled out on the 
footiwall side, If the fingers are in wastc, ticey are extended up to the 
ore without criboing and the last round is belled out on the footwall side. 


Tne finger is designed so the chute claster can punch the ore down or 
blast the finger from the drift, Long cridosed fingers were tried in the 
early stages of slusher mining, but the crioving was crushed or blasted out 
and maintenance was excessive. It was also found to be too hazardous to 
climb into long fingers in case of hang-ups. 
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.The length of the slusher drifts has a direct bearing on the economy 
and svecess of the method, as savings in main level and raise neadings are’ 
increased as the slusher drifts are leugthened, It has been found that about 
120 feet is the most economical length, and 150 feet is the maximum, Where 
ground conditions are bad and much repair work is necessary, it is impracti- 

cal to have drifts longer than 120 feet as the collapse ofa portion of the 
drift takes too great an area out of production wiile repairs are made, “ATI oe 
a slushing is done on one shift at the Zmma Nevada mine, leaving’ the ‘other ~~ 

hift free for repairs. The eee of ore thet can be slished- ‘in one shift 

ees a 120-foot drift is used as a control figure for mining in that: ares 

Tre length of the .slusher drifts: an dé increased for very thir ore “bodies, 
as the drifts will have a shorter life: and Dees. repairs ney not become — 
necessary. , 


Undercutting Bt 


The method of undercutting is designed to keen as much solid ground as 
nossible between the top of the draw point and drifts to protect the drifts 
from excessive weight... All undercutting is done with self-rotating stopers, 
and all holes are drilled at 45° or steeper. This results in pyramids of 
solid material beinz left between all draw points. Careful supervision is 
necessary so that the undercut may be complete with no pillars left. These 
pillars would throw undue weisht on the drifts and fingers and cause viping 
when the ore was drawn, It is considered as important not to overbreak into 
adjacent virgin ground as it is to underbreak and leave pillars. Drawings 
are furnished the undercut. bosses and the instructions are rigidly enforced, 
The weakest point in the ore body is near the contact, and undercutting must 
be rapid to prevent caving, which might drive out the crew before the under- 
cut is complete, so that pillars are left. 


The undercutting is done on a bonus system, and a crew consists of two 
men, <An average of about two shifts is required to complete a unit, which 
comprises one pair of fingers or 450 square feet. 


Undercutting is begun above the vack end of the drift and retreats to 
the main raise, always breaking to the cave, The first stage in undercutting, 
where the finger is in ore, is to drill two raise rounds and bell out the last 
round. If tne finger is in waste, it is extended up to the ore and the last. 
round is belled out. The second stage is to connect the fingers by inclined 
connection drifts that psxellol the slushor drift, This connection is made with 
as large a cross section as the ground will permit to talke:care of the swell 
wnen the final round is blasted. The last stage in mining is to drill out 
the back and villars from the inclined connection drift, using eight radial 
rounds, 4 fect anart, of five holes cach. It has been found impractical 
and unsafe to partly undercut large arees and snoot out a large group of 
pillars at once. 


As the ore is very soft and thorougaly cross-fractured, cut-off stoves 
are necessary only in exceptional instances, In the harder portions of the 
ore oody or in blocks bounced on all sides by virgin ground, very short 
shrinkase cut-offs are used in tne corners of tne block. 
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When the undercutting is completed, a bottom slice of ora 30 feet wide, 
§ feet or more high, and the length of the slusher drift has bsen removed. 


‘Slushing Detail 


As soon as the undercut is blasted miners begin drawing ore, The newly 
undercut fingers often have pockets of gas trapped behind the ore in the 
fingers; because of the danger of one man being overcome by gas and not being 
rescued immediately, two men work together. Much nand augering and blasting 
-are necessary to induce a recently undercut area to cave, and this also re- 
quires two men, At this period in the life of a slusher drift, both shifts 
are occupied in drawing the broken ore. Within a few days the newly under- 
cut ovlock starts caving, and normal operations are begun, 


Waen a bdiock has finally been induced to cave by drawing the blasted 
material out of the undercut portion, all drawing and slushing in each slusher 
drift are done on one shift oy two miners, he revair and maintenance work 
is performed on the opposite shift. Two men constitute a repair crew, and 
‘the mine safety rules require them to worl: witnin sight and sound of each 
other. The number of repair crews necessary depends on the amount of work 
to oe done in each nlace.. Under ordinary conditions three repairmen, or one 
and a half crews, handle all the mining and repair work for any slusher drift. 


Since pulling ore and repairing are svecialized jobs requiring a practiced 
routine and.a developed skill, an attempt is made to keep the trained men on 
-their snecialized jobs, As a general rule the younger, more agile men become 
better slusher operators, while the older and more experienced miners do the 
‘maintenance work, os 


Interesting experiments planned for the near future include a trial block 
using a 30-horsepower hoist for cross slushing to effect. further development 
savings and installation of a shaking conveyor to renlace tne hoists and 
scrapers in the slusher drifts, 


Draw Control 


Tne success of a caving method of mining devends directly on an efficient 
“practice of drawing tne ore; the maximum recovery of ore with minimum dilution 
of waste is sought. Sound knowledge of the mechanics of caving combined with 
experience and close odservation and systematically recorded data are the vre- 
requisites for success, At the Emna Nevada mine every mcans is taken to in 
sure the proner draw of ore and to record the data so that the:zy can be inter- 
preted readily. 


One of the best aids in tne drawing procedure is a plate-glass model, 
which is made for each block, Various types of models, charts, and graphs 
were tested before the glass model was tried, The vlates represent 30—foot 
vertical sections, ani each block nas four to eight glass sections. The 
plates are held at the base by frooved olocks, The scale used on the sections 
is 20 feet to the inch, 
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The development openings are shown on the tottom portion of the sections 
and the top and bottom contours of the ore depicted above. The ore is shown 
in solid red by spraying the colcr on the glass plates; the development work- 
ings are in black, At lO-day. periods a nortion of the red color corresponding 
to the height of ore that has been dravn out is scraned from the plates, 
these plate models have an advantage over otner models in that the relative 
positions of the draw points are in full viev, Of course these models are 
valueless unless they are kept strictly up to date. The drawing procedure is 
under direct sucervision of a draw-control boss, who has charge of and is 
assisted by the samplers, The draw boss, snuplers, mucker bosses, and fore- 
man all work in close harmony. _ 


At the beginning of a shift each slusher operator is given a draw slip, 
which isaprinted small-scale drawing of the slusher drift. The number of cars 
to be drawn is marked on each finger, and any special instructions are written 
on the slip. At the end of.the. snift.the.slusher operator fills in the number 
of cars actually drawn from each. finger,. The slusher. onerator keeps track of 
the number of scraner loads. from. each. finger. aud.a factor is used to convert 
number of loads into cars,...Figure 12 shows a copy of a standard slusher draw 
Sslin, : 


Tne fingers are constricted in such a way that the broken ore is under 
control at all times... Each time the slusher onerator puncnes down a finger, 
acout three scraper loads.or.2.1 tons of ore run.into the drift. Over a 
period of time 211 the fingers.will.averarce aoout three scraper loads for. 
each time they are drawn,...Thne.slusher overator always begins drawing the 
fingers from the back end.of.tne drift... Since the full length of the drift 
is visitle, the suvervisors immediately investigate if any finger is not 
being drawn. With the slusher.wethod of mining, control.of the draw is ideal; 
this conclusion has been borne out by the excellent recovery of ore with a 
minimum amount of dilution.. a ee 


An average slusher mining drift has 14 fingers; with a draw of 20 tons 
per finger, the daily production for.a drift.is 280 tons. This tonnage is 
mined each day in a series.of.cycles consisting of.a slushing period and a 
finger-pulling operation,’ 


The slushing oneration 
slusher will handle approximately.1 ton of ore per minute, Each trip of the 
scraper moves 0.7 ton of ore.an average distance of 75 feet, requiring LO 
seconds to complete the round. trip, including loading and dumping. The 
slusher onerator soon becomes expert; an average of about 2 seconds is re-~ 
quired to load the scraper,. The load. is dumped, with virtually no more time 
lost then is required in the process. of r¢versing the direction of the scraper, 


The finger-punching operation, which Begins when the drift is slushed 
clean of ore, lasts 10 to.20 minutes. .The ore packs easily, and a finger 
seldom runs for any length of time without punching. The miner starts on the 
last pair of fingers in the slusher drift and bars down the ore into the 
drift, working the fingers back toward the tugzer. His main tool is a bar 
5 to 7 feet long made of l-inch pive forged to a point at one end. A finger 
nay hang up for one of two reasons — either it becomes packed or the coarser 
oe tightly wedged. The sey condition is alleviated by drilling 
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hand-auger holes and blasting, The weiged oovléers are blasted by bombs 

made of a number of sticks of d:mamite tied to the end of long, light, dlast- 
ing sticks and placed tightly between the toulders, The finger-drawing and 
Slushing cycles are continued each shift wntil lunchtime unless hung-up 
fingers must de blasted earlier. Plugsed fingers generally are blasted at 
lunchtime, | 


The following tabulation shows an idealized slushing shift: 


A.M. a Production, tons 
7250 Arrive in slusher drift and slush ore 
dvlasted down at the end of tho previous 


shift oy repair crew, 25 
S14 Punch fingers ........ ee ee ee a ee eee -- 
Geel: Mlle ds cen b sens acaeanae Sica gik adave einen 31 
S51) Punch fingers: cca wsansusiaviieecassecawes = 
9.04 Slush (finzers continue to run well)s...... 31 
9,34 Punch fingers (more tine required because 
| Packing: 1s: O6FiINNINE): snckawsuinsaacear news ~- 
9.48 Slush (fingers run less ore) c.cceseecceces 25 
10,12 Punch fingers (some fincers fell of boulders; }. 
others nacked) .osseeseeccecees eee eee -- 
10,27 Slush (fingers run poorly) ..cccrcccecvecce 15 
10,42 Drill auger holes in packed fingers e..eeee. -- 
10.57 Go after powder and primers ..ccsvecsoeneccs -- 
11,07 Load auger holesand place bomds between 
DOULDCES: 5.56 sii asi ie enw ae ee eweeee een -- 
11.20 Spit shots and go to lunch, Smoke and gas 
Clear [OUT 644.4 wee ween ee ee eee ee aes 
P.M. 
12.05 Slush ore Dlasted down cecvrecseccvevsoes be 31 
t2e55. - PUNCH TAINBCTS: vac eam se enawsle wares ess Saws ware -- 
12.45 Slush ore, waich is running well because of 
. Joy ai <h oh. bar mere ma a ae ea ee er arc 51° 
ed} Punch Tinesers:<sscsae<s Goat eal si: ake wit eases ica arene -- 
Igo “RIMS Oe: scerisciéepacaees S Wusdral Greely wo averleun eedece 31 
Lek. PUNiCn Sin cers. <4556:60 ene wae wes week oe lee -— 
2.07 DINGS OFe ctceeedyaa th ewwenceees Ad wie eee 25 
2e31 Punch fingers (fingers packed anc full of 
- DOULGEES ): Siaiess suse codedeten o5s oieeeus -- 
Pgs SIs, -0re: sca savarecisedeetetdane awe yeu 20 
3,05 Punen remaining running fingers ....ceceees == 
Sece ‘Slush drift clean of Ore: ei vss ciassesee sees 15 
B65 HONE WD, Ca0lLe: sn serw hs ain wee eum ew he nae ~— 
340 Start out of the stope eerescecccsevcers ve -- 
DOLAL, was Pee ene eee ‘deaths eee ee ; 2&0 
7éel -~ 12 - 
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Slusher-Drift Repairs 


Tne light or routine repair work consists of changing top and side lag- 
ging and removins ground where weight begins to show on the timbers, Light 
repairing is the most important work of the repairmen and if promptly taicen 
care of heavy repairs may be avoided, To keep a slusher drift in condition 
so that no delays snall hinder the ore=pulling shift, all the broken top lag~ 
ging must de changed daily. An experienced miner changes a broken top lagging 
in a few minutes; consequently, a crew can readily finish this part of its 
work in a half shift. The broken side lagzsing is next replaced and set back 
to keen the ground from the posts. The light repairing and finger blasting 
are routine, and no special orders are given for their accomplishment, Finger 
blasting is the last duty of a repair crew and occupies the final 45 minutes 
of their shift. The packed finsers are drilled by hand auger; large boulders 
are drilled witn a hand-rotated stoper, and Pain containing smaller bdoulders 
are tombed, All shots are blasted going off snift. 


Changing of Solar nests: caps, or girts is termed heavy repair, If 
light repairs are kept up properly, heavy revairs are seldom necessary, Eeavy 
repair, because of the danger of closing a slusher drift, is given preference, 
If a post, cap, or girt oreaks the boss orders it changed immediately, and 
the squeezing ground or boulder that broke tne timber is removed. 


In slusher mining as practiced at the Suma Nevada mine it is essential 
that drifts be xept open for the daily draw. Ezperience has shown that a 
steady, uniform flow of ore from all draw points is necessary to prevent de- 
velonment of excessive weight on the extraction openings, If a drift is closed 
_for heavy renvairs at any point over a vericd of a few cays, the drift timbers 
oeyond that point invariadly crush, The method used in maintaining the slusher 
drifts is most economical, as a small amount of light renairs at the proper 
time end place saves a sreat deal of heavy repair work later on. 


SLUSHING EQUIPMANT 


The equipment dest suited for slushing is an individual problem, devenc- 
ing on the character of ore and general slusning arrangenents,. Sixty percent 
of the ore mined at the Emma Kevada mine will pass a l-inch screen and about 
20 percent will pass 65 mesh, Large bdoulders are extremely rare, and a slusher 
drift often produces its daily quota of 300 tons with only & or 10 boulders 
siowing that require breaking to pass the standard ll-inch grizzlies. On the 
otner hand, tne ore is sticky and abrasive, 


Secraners 


Although cast scrapers of various maxes have been tried, it has been 
found that a hoe-type scraner designed and fabricated in the company shops 
is the chearest and best for Enna Nevada ores, Fisure 13 shows the essential 
details of this scraper. It is recognized that a heavier, sturdier type 
would be required for coarser material and under more adverse slushing condi~ 
tionss 
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Many-different tynes of wire rores have t2en used, and performance data 
have been recorded carefully. “he best results have been obtained with 1/2- 
inch 6 by 19 preformed improved »low-steel ropes with hemp center. Broken 
Sopes are spliced by men-designated for this work, who are responsible for 
the general: care and‘ lubrication of the slusiing equipment. Ropes are knotted 
only as a temporary measure, as a knotted rope oiles up on a hoist drun, snags 
in the docks, and hastens wear and Drones 


eee ees ie a ok Hoists 


| The slusher hoists arc double -drum seein” tuggers of standard manufac- 
‘ture in I5- and 20-horsevower sizes, It is Tolt’ that compressed-air-driven 
hoists are not practicable:for the lacze daily tonnages. Rope pull is 2,200 
to 2,500 pounds. Loaded sreed is 200 feot ner minute on the 15-horscpower 
units and 20 to 300 feet per minute on the 20-horsepower units. The 20- 
horsepower units are used chiefly in the subslusher drifts, which serve an 
‘area 60 feet wide and produce tyvice the deily tonnage of a standard slusher 
drift. «The 20-horscpower units handle l.g-anch screvers, while: 42-inch scrapers 
are used with the 15-horsecpower units. Ten-inch head blocks and Winch and 
6-inch guide blocks are stendard for the haul-oack line 


‘General — 


Slushing routine at the Emaa Nevada mine offers no information as to what 
daily tonnages tne:slusker hoists could nenJve if continuous slushing were _ 
practiced, The actual operation is inter nittent finger-drawing and slushing, 
and the tonnage to be drawn is governed boy the rate at which the ore caves. 
the 15-horsepower units will handle 250 to 300 tons over an average slushing 
distence of 75 feet with an actual slushing tine of 4 to 5 hours. The 20- 
horsepower units have handled 500 to 000 tons over an average distance of 75 
feet in about 6 1/2 hours actual slusning time. These daily tonnages represent 
tne rates dictated by proper craw control, The hoists and scrapers are not 
unduly large and operate satisfactorily in the slusher drifts, which are kent 
small in cross section to minimize repair costs. : 


ADVANTAGES OF SLUSHER MIMTING 
The chief advantages of slusher and svuoslusher methods of mining compared 
tO conventional block-caving methods are revresented by the savings in develap- 
ment expenditures, The development savings have ranged from 3 cents per ton 
to a high of 10.6 conts per ton. Maximun savings are made when the ore body 
is thin and high above the haulage level, These development savings do not 
include the material savines alse nade in main haulage drifts when slusnher 
metnods are used, a ; | | 


Firure 14) is a plan of the main haulage level, The area on the western’ 
portion of the map hes been leid out for slusher mining and may be compared » 
to the eastern portion, whicn was driven for conventional]. block-caving methods, 
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The dotted lines represent drifts that, although necessary for conventional 
methods, are not needed when slushing methods are apolied, The total foctace 
of drifting saved ody application of slusher methods is 7,COO feet, which . 
would cost from $30. to $50 per foot, depending on ground eondl tion’: With 
tne decreased footage of haulage drifts and other develonment headings it 
follows that maintenance costs per ton will be reduced. The ee aoe in 
prospecting and mining fringe areas and the consequent beneficiation of ores 
that might otherwise be lost to mining have already been noted. 


_ An important operating advantage of slusher mining is the cease of ingress 
and egress afforded by the development lay-out. Instead of climdins up and 
down ladders the mine bosses may now examine cntire sections by merely wal?r- 
ing through the slusher drifts. The 16 draw fingers and a slusher drift 120 
feet long may all be examined in a much shorter time than would be required 
to climb into four individual square sets, as was necessary under the older 
practice, As a result, a boss can examine four or five times as great an 
area as heretofore, with much less physical exertion. 


Draw control, the 4 arisontend factor, has been improved pivoush netics 
supervision. The samplers, control engineers, and bosses now see virtually 
all producing draw points daily, an almost impossible task when conventional 
bDlock-caving methods are employed, 3 


The slushing method- insures a controlled draw, as fingers cannot "run 
wild," A chute puncher in a square-set can fill his raise from one finger 
that is running well, out in slusher mining, when all fingers have been dram 
into the drift, ne must slush the ore to the raise and then repeat the process. 


Reference to the tabulation of an idealized slusning snift (p.12) will 
show that each finger must be drawn 8 or 9 times daily. This gives a much 
more uniform draw tnan Py taking the entire day's quota from a finger all at 
OnCEe es 


The ease of ingress and egress afforded by the development lay-out also 
aids better ventilation and makes delivery of timbcr and other supylies much 
easier and less exnensive, Advantages in repair and maintenence are equelly 
important. It is much easier to carr: on revair and maintenance work in a 
drift than on the top of a 100-foot raise. 


Incidentally, in one area in which the ores were particularly high-lyine 
it was found advisable to drive a vertical raise from the main haulageway to 
the mining horizon to serve the slushing area as a supply and manwey raise. 

The raise was equipped with an Otis elevator having a live-load capacity of 
5,000 pounds, Connection drifts were driven from this raise to the various 
Slusning drifts so as to serve the area witn sunvlies and provide easy entrance 
for the workmen, The openings also provide oetter ventilation. This instal- 
lation paid for itself before one-third of tne ores in the area served had 
Deen mined, 
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In slusher mining the number of raises from the main level to the mining 
horizon is about one-eighth those required in conventional block-caving. A 
smaller number of loaders and "chute ‘mockers" is required for a given ton- 
nage, and haulage problems are simplified, resulting in an appreciable saving 
in loading and haulage, 

By using slusher mining methods, working conditions have been made safer 
in many respects, It is axiomatic that improvements in supervision and venti- 
lation go hand in hand with safety. Horizontal mine openings with easily 
accessible connections are safer than raises, and the miners can aid fellow 
workmen much more quickly end with greater eose, fYerhaps the greatest con- 
tribution slusher mining makes to safety is the fact that worksen are in 
closer contact with each other, 


COSTS | 


Since the inception of slusher mining, seperate costs have been kent, 
wnere feasible, for conventional block-cavinz, slusher mining, and subdslusher 
mining, A complete segregation of costs, however, has been wholly impracticable, 
Direct labor and supply costs are segregated, but loading and tramming charees 
are merely divided on a tonnage basis, resulting in the same recorded costs 
for the three methods, Total loading and tramming charges are vetween 8 and 
9 cents for the entire mine, and time studies indicate that the amount of 
tnese charges properly attributable to slusner mining ranges from 6 1/2 to 7 1/2 
cents, Improvements in ventilation, supervision, and delivery of timber when 
slusher methods are used are not reflected in the costs as recorded, 


The men who operate the tugrers have many otner duties comuion to both 
methods of mining, They draw the fingers, oomo and drill when necessary, and 
help keep the slusher drift and fingers in repair. It is impracticable to 
record the actual hours and minutes spent at each particular task, and for 
that reason the cost sheets do not reveal the exact cost cf mechanically 
handling the ore, The total of such expense however, is included in the cost 
of "caving," which is between 11 and 12 cents per ton for all charges incident 
to drawing the fingers and slushing the ore to the raises. Studies indicate 
that the cost of actual slushing, including labor, power, cables and blocks, 
scrapers, maintenance of all equipment, and amortization of the hoists on a 
e-year basis, does not exceed 4 cents per ton. 


‘The following table shows comparative costs for the first 9 months of 
1939. Cost of raises, control drifts and fingers, and undercutting does not 
show, since the amount exnended depends merely on the amount of this work 
undertaken in a given neriod, The cost per ton for these items is also 
governed by the thic'mess of ore in tne blocks being mined, 
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Costs for first 9 months of 1939 


Raise minine 
TonS Min€deseseseee 335,051 


Caving expense,..... $ 0.068 - 


REPALLSséico.s8eatewds »068 
DOCAING scwesa se okees 0019 
Tramming ...ceseee 9063 - 
HOLStine sy <en awe ecs 0033 
General mine expense 109 


General expense and 
maintenance...... 


Seb Obes 30% 


LOUG Les a0 ise eke se 


Past records and estimates for future mining show a charge of 15 cents per 
ton for all develoonent openings above the naulage level and about 6 cents for 
main-level development for the entire mine, which, when added to the 50.5 cents, 
gives a total cost ver ton of 71.6 cents, This fisure includes all itens of 
corporate expense excent cepital charzes for construction items and major 
Couipment and incone and bullion taxes, Gencral expense items are hisnu, as 
the ores are concentrated and smclted on a custom basis, leaving the mine 
only to bear general charzes,. 


A true anewer to the economy of slushin~= practice can not be gained yith- 
out studying the development lay-out for each individuel block, <A block 
mined ody slusher methods may show a cost per ton hisher than a neighooring 
block mined ody raises, because the ores were thin and hizh above the level 
with resulting high develorment charge: yet material savings may have been 
effected, ek Ce he ae 


In analyzing the cost tabulation aoove it must. be remembered that the 
standard raise-mining methods were carried on in areas where tie ore-body 
bottom was at an ideal distance above the haulage level (epprox mately 60 
feet) and where the ore was of greater than average thiclmess. Apart from 
the obvious effect of lower development costs per ton, slusher mining will 
lead in many other ways to cheaper mining costs, Attention is called to the 
fact that slusher mining has been used in places where the less favorcole 
conditions exist, svch as thinner fringe aroas ard areas where the ore isc 
high above the level, 


The following tabulation shows some efficiency data of general intcrest 
for the period from January through September 1939: 
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Dry tons ore mined: 


Reise MINING ceossceccneerccnnes eee: Beeler aes sis 
SIUSNSY MIR INS sisiew treed aitioer aa ews a eees wes sea . 
DUDS LUSHED Min Nl: the5 oops ee hw eee Ww ee-ale awe ae eee 


VOCAL yap wo ein eae oc were oes @@eese eeooaoveeevneeeoeseeoe oe @ 


Feét advanced: 
DUeNOard. PAT GOS. 6.4.56 ecece- a hos alae ace eeng alee re aire rae wees 
DLUISHOY “PALSCS - wee Gicteice eee 6 ei hee are Oe ee eae 
SUDSIUGHET PALSCS “sane saSeOw. bse Wee Wore seek cow ee 5 
Slusher drifts and Fingers serccvverssecvcccsvcecesen 
SUDGLUGHEr GTi EUS: 6-6 £6 suse Ole wees ears we ete eee ee ere 
Moin~Level Grifts ceccacnecnenvesrcereneceseeseceos 


Prospect raises eosueoeveevevwesevoe. Trece ee eae eee ee ee 
PCOSDOCY GLLOLG: tac sereeude wees eeeces bee e ence ecceene 
Total square feet undercute.ssscsseesseeveeereees re 


Total gross DAYTOLLevesee hehe eretie.te seceneceee 120,931 
Charged mining and development......issseeees 114, 302 
Underground We aig olewel varias 16.coie on Wes errr ere ee S0, 297 


RAISE MINING: 


Cavin oe cchchee ees ose sasiee badecens 3, 142 
Ralse repair ss ies cus ccs eevee cs sca sas 2,296 
5,437 


TItAL ec eseecssrscccnesreesreeers . 


SLUSHER MINING: _ | 
Caving SoCCeC OF RoC H HOTSPOT Eo HO Be “ee eeee ce 


—6«66 
Raise-drift-—finger repeirs e@eveovoec0nve$0 My’ oe 
OCS og dive we O28 ere 8 6S aaa as Btn Aleta GRE 
SUBSLUSHER MINING: | a 
Caving. ccccecerseesees ei career oer 1,507 


Raise-drift PEPAUTS eee seeeeeeeeceres 6,124 
oueuaine eooeneeeoer es eoee ne Caste ane to 13,931 


DRomMine ec) yens6douecaenae as eer SsineGwes “11 glOS 
Drift repairs (main level) . Pear aes 2,636 
OL SUL NS sic cee we waevarels ee cere ee D5 2.50 

TOL eds Beate een eer aauaeoe siietoas J25. 706 


(821 ee ee 


Google 


a7 se 


143,400 


Tons 
per shift 


1.3 


20,1 
61.6 
551 


4947 
5308 


68.0 


d,. Os. {135 


Shifts Ft. Per Shift 
Total undercutting ...0...e6. wee SQe Lite. “15700 0.8 
Standard raising.ecccceceseee shat arena ates 1,437 1.55 
SLUSIEr Tal SINS iad hice caaere. eae v ceweewees 1,352 085 
SuUDBIWSHEr PASI Ne ees caiwered bose are widcewlee 3° 347 1.30 
Slusher drifts and fingers. ...ccccscceses 2,930 1.32 
DUNSIUSNEY GTi ttsiés45. Soni eida's es gave aneavate “7 0 1,19 
fain-level drifting.......ece. eee eee L345 eff 
Prospect raises cse.ecececccacs Seaton sheave 314 2.32 
Prospect drifts ..... Lites re rrr 128 0 (9 
Shifts 
Underground timber CELAVELY ceccccccraceserecsevececs sretevevere 2,586 
Cleaning Mine, YOUSTADOUES. dsc vessieecewees suse ee ee 2,501 
Railroad car loading, waste disposal, surface | 
tracks, maintenance, ore bins......... Suid Biel Raaduspceiarts enged wine 1,951 
Drill, tugger, shovel repairmen, pipemen, and nivpers .,..... 4902 
Sampling and engineerings serscccsscccccecccscsesvecseseseses 1,995 
Tool sharpening, powdermen, janitors se.cccccesescroceseeres 1,802 
Bosses, safety first, miscellaneous ....es.ee0. ite dadeaaiete boats yb. 180 
MAM! CUCL e: 6.05.d Gone setae ho40 eee Soe Ge wie new ake e we eared 509 
PIMVCY PVEMINS sien ewcase eieserece eae Wea ese ware er re re sama “20001 


General and distributable charged mine Chops and surface).. 21,994 


PERCENT COST ELEMENTS TO OPERATING cosTL/: 


ADOT a. ciicr.gusoeascaeeau meee caaane meeaweoaeseed 49.6 
Supplies ee ee ee 19.0 
POWCY scgsvere ae oe icons 0 WS oes Sib esl w Swale SO Olee sees Ce} 
DistPi0utanl6-44.s656.05. Ose ee eak ewe tee aw aw ees ooeen 6.8 
COMDTPES SOY ssss554 Sel s0 oss BGG weawtes re er ee a ee 442 
DS LOTTO: 5:04 chore nae rerarecee ow wom ee er re ee eee ; 3.6 
UNOLAS61 T2060. 6% 2 drcwe he's h ease Oe be e6 eee wens eis ne oi 
General expense........ Kase OR Re Geehs see ee eeee ; 15.4 
TIMBER DATA; 
Board feet timber per ton ore, total repairs....... 049 
Board feet timber per ton ore, total consumption... 1.8/ 


EXPLOSIVES DATA: 


Powder per ton ore, total consumption....... pounds ol} 
MISCELLANEOUS: , 
Kwe-hr. per ton ore, Mining... ..cccocerseccccvece Si 4.02 
Kwe-hr, per ton ore, total plent consumption....... 4.55 
Kwe-hr. per ton ore, electric tuggers.....seeeesoes e352 
Compressor cost per ton OF€ crseccecevscccsscsveces 024 


1/ All men working underground, including car repairmen, underground elec-~ 
tricians, and all mine bosses, Excludes hoistmen, tommen, framers, car 
loaders, dryhousemen, watchmen, firemen, compressormen, and three mine- 
office employee se | S | 

2/ Includes motormen, helpers, grizzlymen, track repairmen, and men engaged 
in maintenance of motors, trolleys, etc. 

(8el ~ 19 - 


Google 


